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The Synthesis of Il-Carbonyl Homologna of l-lleoxynojlrllycln 

Amurl Kilonda, Frans CompernoUe,* Suzanne Toppe& Geerges J. Hoema& 

Inhibition of glycosidase~ may be useful for treatment of several diseases e.g. di&etes,t cancer,2 and 

some viral infaXion~.~ Important examples are the antiviral (including anti-HIV) and anWahctic actMi& 

found for the glucosiaase inhibitors l-deoxynojirimycin~ 1 and castand 2 (Figme 1). The pota~ti 

chemothcmpeutic applications of these natural polyhydroxylated alkaloids and their ana&ues have prompkd 

considerable synthetic interest towards squch& modification, such as the introduction of lipophik (e.g. 

fluoro.7 alkyl,’ and acylq, amino,l”*ll and gluco~yl~~ groups at specific positions of compound 1. complete 
removal of the C-6 hydroxymethyl group of 1 has remarkably little effect on enzyme-substrate ~II~CXW&MW~~ 

This report deals with the conversion of 1-amino-ldeoxy-D-glucitol3 to the trihydroxypiperidh~ 

4-7. These compounds rep-t a new class of ldeoxynojirimycin analogues where the C-6 hydroxyl has 

been replaced with a ketone, acid or amide carbonyl function. 

The synthesis started with the preparation of the 3,4;5,6di-Oisopropylidene w salt 9. The 

course of the reaction depicted in Scheme 1 was EWWAXI by t.1.c analysis of the N-acylvinyl 

[RNHCH=C(CO#t~ and N-Boc derivatives. l4 Under the acidic conditions, the iniIialIy formed 
diacetonide 8 rearranged to the regioisomer 9 which crystallized from the Won medium. Afta 24 heurs, 

pure compound 9 was collected by filtration (65% yield), whereas in the filtrate only c&&o&k 9 and 

triacdonide 1owucdebted. 
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12 **Fe _ipg.iY ;gfi!!j 
13 R’-0Ms.R2-H(75%) 17 R’ = bMe, # = Ii (e. 53%) 

E,Gmbchuel5:85 

id R’-Me.R2=H(619b) 
18 R’=OMa.Rhtt+ 

15 R’=Pl&=H(67%) 
19 R’ = Me, ti = SiMq (f, 57%) 

16 R’ -OMe, 20 R’ = Ph. d = sinns, (f, 51%) 

F? = CH$O,Me (70%) 

Eqehead cundrbu: (a) PPTS (1 sq), MeOti-Hz0 (9: 1). 60 ‘C. 1 lt; (b) NqCO3. (r-RuOCO)20.0.5 h; 
(c) NsIO4 (1.1 eq). H20; (6) R1COCR2=PPh3, (1.2 al), MeOH or CIi2Cl2. 03 b; dlia &tom 
(EtOAc-bxaw 1:l); (e) M+iI. CH2Cl2. r.t., 10 min; McQH-Et3N; MeOH-K2CO3; dia cdumm 
@Ok-MeOFI 9&6): (r) MqSiI, CH2Cl2, r.t.. 5 mitt; Ht3N; silica culutm (EtOAc-hxae 3:2); 
&) 6M HCI; Dowox SOW-X8 (0.W ~0I-I); (It) HCl-MeOH; NH3-MeOH, N&N, nrdlttx: lbuwx 
SOW-X8 (0.W N)boH); (i) 6M HQ; tilica c&tmt (CHCl3-MeOH-H2o_NE4oH 70:2(1:1:1). 

Diatztonide 9 was converted (Scheme 2) to the crystalline N-Boc protected 2,5,6-t&l 11 in 81% 

yield-l5 Selective removal of the 5,6-0-isopropylidene group was achieved by heating 9 with pyridhium 

ptoluenesulfonate (PPTS) in aqueous methanol at 60°C. After reaction with (r-BuOCOhO, trioI 11 was 

sepated from the N-Boc derivative of the remaining diacetonide 9 by successive exfroction with toluene and 

ethyl acetate. The oxidative cleavage of the 5,6-diol group of trio1 11 with NaIOq afforded the unstable 

L-xylose derivative 12, which was directly subjected to various Wittig reactions in methand or 

dichloromethane. By using the appropriate triphenylphosphoranylidene 1eagents,~6 the u,&wwlhll4ttd 

carhtmyl compounds 13-16 were isolated in 57-751 yield based on the trio1 precursor 11.17 



our synthetic plan (Scheme 2) rcquiral dcprota%ial of the Awoc amilla group 8nd cyclhhn wia 

I&-addition to rhc a$-- carbonyl function. Treatmen tofthecstercompoumll3withfixmkacid 

for 10 minutes and neutcahtion with aqkous Na2C@ gave the desired pi&dine unnpohd 17 in only 

35%yield.Thelowyieldwuduetoincompletedeprotectianofthevninog~wpMd,esaumrblJr,bopnrtiPl 

ClCPMgCQftht~~grOup~gin~Ofunidcntificdpohrride~Amat 

seleaivedeppotectioawupccomplishsdby~wkhM~siIindichbromahrntmdqranebhy~~ 

methpnallrnd~~.Updatheoe~iti~,pmixtunofulecycliccompwndl6Md(&dcrilylrLidproduct 

17wasi$oMal.Noc&htionwasobravcdinthcabscnCcofmtth9nol.~rrmonlofthc 

trimethylsilyl group with K2Co3 in methanol produced 17 in 53% OvQau yield from W. 

Anelysisof~lHNMRspecaaofthenuuu-fusedacddnides17-20~the~a#npounds 

4-7 revcakd the all-equatohal orientation of the substituaq as shown by the Coupling qons&nt vala 

$5.4 - J4.3 = J3.2 = 9 Hx.tg Hence, 1,4-addition of the amino group to the a,- ~arbonyl 

system procesds in t diau#eospecific way producing the c-6 qua&al isomlz exhsively. 
T111 aCetonidea 17-20 represent advanCed intermediates showing the desired variety of pro&ted and 

non pro&t& funCtional &IWPS. When further modified and deprotcctcd, they may provi& a~4zess to a large 

number of variously substituted analogues, in addition to the C-6 extended homologues 4-7 ruultin6 from 

simple hydrolysis. 
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Samplea of the reaction mixture were treated with aqueous Na2CO3 and diethy1 
ethoxymethylammaMnate or di-retibutyl dicarbonate. T.1.c. atudysis (hmmue-HtOAc, 7~3 ) rcudai 
the N-acylvinyl derivatives of 8 aad 9 (8 more polar than 9) or the D I+- derivatives 
(RF8 ~RF9-0.2)andthe~-~triacetonide1o(RF~0.5).The~uninedoer~ 
m with the acylvinyl reageat. 

Crystaked from hexa~~-EtOAc, mp 93-94 “C, [a]; +8,57” (c 0.2, MeOH). HRMS for 

tris-CI-himethylsilyl duitive, c&d. for t&H4gNfJ$i3 (&iCH3]+) 522.2739, found 522.2741. 
The 81% yield for trio1 11 inclti mat&al (28%) obined by subjcuting tbe N-Rou dkctnnk 
fmction malting fi-om non hydrolyzed 9 to thu PPTS acid hydioiysis. 
Thenactionsw~conductcdinMcofIexceptfortheuJeofCH2cl2indre~of16.. 
commucial reagents RCOCH=PPh3 (R - OMC, Me) wclu llaed. PhcoCH-PPb3 was gaaa&ed in 
situ by tmatment of commcmial pherr?atyltriphenylphosphonium bromi& with MaONa. Tbu reagent 
MeU2CC(CH2C~Me)=PPh3 was prepared by u$ng a modification of the method rqwrtal by 
Cam-, A. F.; Duncanson; F. D; Freer, A. A.; Armstxmg, V. W.; and Ramage, R.; J. C3ie.m 
Sot. P&in 27nns II DVS, 1030. 
Satisfactory spectral data (JR, 400 MHz k NMR, 13CNMR,EIandCImarsspectra)wcreobtakd 
for all new compounds. HRMS data were acquired for all new compounds (A&+ or sigdicmt 
fragment ions were measured). Compounds 4, 6, and 11 were analyzed as the trimcthylsilyl 
derivativa. 
H6gburg, T.; St&m, P.; Elmer M.; Riimsby, S.; J. Org. C9em. 192)7,52, 2033. 
Selected NMR data :4 lH NMR 400 MHz @20), 6 @pm) 2.11 (dd, J = 9, 16 Hz, 1 H, X-6a), 2.47 

(dd. J = 11, 12 Hz, 1 H, H-la), 2.72 (dd, J = 3, 16 Hz, 1 H, Ha), 2.73 ( m, 1 H, H-5), 3.06 

(dd, J = 5, 12 Hz, 1 H, H-leq), 3.08 (t, J = 9 Hz, 1 H, H-4), 3.28 (t, J = 9 Hz. 1 H, H-3), 3.48 
(ddd, J = 5, 9,12 Hz, 1 H, H-2); 13C NMR 100 MHz 39.7 (C-6), 48.9 (C-l), 57.5 (C-5). 70.6 
(C-2), 74.4 (C-4), 78.3 (C-3), 180.2 (COOH). 5 1H NMR 400 MHz @20), 6 @pm) 2.18 (dd, 
J = 9, 16 Hz, 1 H, H&a), 2.40 (dd, J = 11, 12 Hz, 1 H, H-lax), 2.71 (dd, J - 3, 16 Hz, 1 H, 
H-6b), 2.78 (td, J = 3, 9 Hz, 1 H, H-5), 3.02 (dd, J = 5, 12 Hz, 1 H, H-leq), 3.05 (t, J = 9 Hz, 
1 H, H-4), 3.25 (t, J = 9 Hz, 1 H, H-3), 3.43 (ddd, J = 5, 9, 12 Hz, 1 H, H-2); l3C NMR 
100 MHz 37.3 (C-6), 48.6 (C-l), 56.8 (C-5), 70.5 (C-2), 74.2 (C-4), 77.8 (C-3), 176.6 (CONH2). 
6 1~ NMR 400 MHz @20), 6 @pm) 2.15 (m, 1 H, CHDCO), 2.17 (s. 1 H, CD2HCO). 2.42 (t, 
J = 11, 12 Hz, 1 H, H-lax), 2.87 (m, 1 H, H-5), 3.01 (dd, J L 5, 12 Hz, 1 H, H-k@, 3.07 (t, 
J = 9 Hz, 1 H, H-4), 3.24 (t, J = 9 Hz, 1 H, H-3), 3.44 (ddd, J = 5, 9, 12 Hz, 1 H, H-2); 
13C NMR 100 MHz 29.8 CH CO), 44.5 (CH$O), 48.5 (C-l), 55.7 (C-5), 70.3 (C-2), 73.9 (C-4), 
77.8 (C-3), 213.4 (CO). 7 ? H NMR 400 MHz (CD30D), 6 @pm) 2.60 (br t, J = 12 Hz, 
1 H, H-lax), 3.13 (m, 1 H, H-5), 3.16 (dd, J = 5, 12 Hz, lH, H-l@, 3.22-3.33 (m, 2 H, H-3, 
H-4), 3.56 (m, 1 H, H-2); 7.50, 7.62, 8.01 (m, 5 H, Ph); 13C NMR 100 MHz 40.4 (C-6), 50.7 
(C-1), 58.0 (C-5), 71.7 (C-2), 75.0 (C-4), 80.1 (C-3), 129.3, 129.8, 134.7, 138.1 (C urun~.), 201.0 

(CC). 
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